In this study, we examined the relationships among years of teaching experience, professional rank, number of courses taken, and knowledge of algebra for teaching (KAT). 338 in-service and 376 pre-service secondary mathematics teachers in China completed a KAT questionnaire. Various statistical techniques were employed to examine these relationships. The pre-service participants teachers performed statistically significantly higher in advanced mathematics knowledge than their in-service counterparts. Among the inservice teachers, senior teachers had scored higher in school mathematics and teaching mathematics, compared with junior teachers. Yet participants' advanced mathematics knowledge decreased as their professional rank advanced or their teaching experience increased. The number of courses taken has significantly positive correlation with school mathematics knowledge and advanced mathematics knowledge. The implications of these findings for mathematics teacher education are discussed.
Relationships between Teaching Professional Rank, Course Taking, Teaching Experience and … 131 (Blume & Heckman, 2000; NMAP, 2008) , researchers have proposed ways to describe teachers' KAT (e.g., Artigue, Assude, Grugeon, & Lenfant, 2001; Even, 1990 Even, , 1993 Floden & McCrory , 2007; McCrory, Floden, Ferrini-Mundy, Reckase, & Senk, 2012) . For example, Artigue et al. (2001) differentiated three dimensions of knowledge for teaching algebra as follows:
(A) Epistemological, (B) Cognitive, and (C) Didactic. Even (1990) illustrated seven dimensions of subject matter knowledge:
(1) Essential features, (2) Different representations, (3) Alternative approaches, (4) Conceptual strengths, (5) Basic repertoires, (6) Specific conceptual understandings, and (7) Broad mathematical understandings.
Comparing Artigue et al. (2001) and Even's (1990) category framework, categories (1), (4), (6), and (7) in Even's categories belong to the epistemological dimension (A) while the others belong to the didactic dimension (C). In other words, these frameworks focused on mathematics content, mathematics and student learning, and mathematics and teacher teaching . Recently, Floden and McCrory (2007) have developed a model to describe and measure teachers' KAT. According to the model, KAT includes three types of algebra knowledge for teaching: school algebra knowledge (content), advanced algebra knowledge (content) and teaching algebra knowledge (PCK). School algebra knowledge refers to the algebra covered in the K-12 curriculum. Advanced algebra knowledge includes calculus, and abstract algebra that are related to the school algebra; and teaching algebra knowledge refers to typical misconceptions, canonical uses of school mathematics, and topic organizations and progression in curriculum and so on. The KAT instrument (Floden & McCrory, 2007) focused on two major mathematics themes:
(1) Expressions, equations and inequalities, and (2) Functions and their properties.
We believe that KAT should focus on the connections between school algebra and relevant advanced mathematics, in addition to algebra and its learning and teaching. As such, we adopted the Floden and McCrory (2007) model for this study. For the sake of convenience, school algebra knowledge, advanced algebra knowledge and teaching algebra knowledge are denoted as school mathematics (SM), advanced mathematics (AM), and teaching mathematics (TM) respectively in this study.
Factors influencing teachers' knowledge
Traditionally, the level of education and years of teaching have been used as main indicators of teachers' knowledge and competence (Wayne & Youngs, 2003) . Studies have found that high school students who were taught by a teacher with a degree in mathematics outperformed their counterparts taught by a teacher without a mathematics degree (Goldhaber & Brewer, 2000; Wayne & Youngs, 2003) . The number of courses in mathematics and mathematics education the teachers took had a positive correlation to their students' achievement in mathematics at the secondary school level (Monk & King, 1994) . Moreover, teachers' undergraduate mathematics education coursework contributed to their students' achievement gains more than teachers' mathematics content courses did (Monk, 1994) . Thus, the number of courses in mathematics and mathematics education taken by the teachers should be an important indicator of their knowledge for teaching.
In China, there is a promotion and rank system through which teachers' professional knowledge has been developed progressively and continuously (e.g., Huang, Peng, Wang & Li, 2010) . For example, the professional rank of secondary teachers includes primary (Chuji) teacher, intermediate (Zhongji) teacher, and senior (Gaoji) teacher. There are specific requirements for each professional rank. In addition to political and moral requirements, a teacher has to meet specific academic requirements. For example, as a secondary teacher at primary rank, he/she should meet the following qualifications: a diploma from a three-year post-secondary program; a one-year probation, and a passing examination score; and a demonstration of the basic knowledge of education, psychology, pedagogy, and mathematical content pedagogy; and being able to teach at least one course at junior high school. For another example, the requirements for being a teacher at the senior rank include:
(1) Five or more years' experience as a secondary school teacher at intermediate level, and (2) The ability to take the responsibility as a 'senior' secondary teacher.
Thus, in this study, we mainly used years of teaching experience, number of courses taken, and professional rank as potential predictors for teacher knowledge for teaching. Ma (1999) found that Chinese elementary mathematics teachers demonstrated a profound understanding of fundamental mathematics in terms of the connectedness, multiple perspectives, fundamental ideas, and longitudinal coherence. Recently, some studies indicated that Chinese secondary (including middle and high) school mathematics teacher preparation programs emphasize a solid mathematics foundation and broad mathematics background (Li, Huang, & Shin, 2008) . Specifically, Chinese pre-service teachers demonstrated strong KAT (Huang, 2014) . It is not clear, however, what factors are closely related to development of teachers' mathematics knowledge for teaching. China's systematic promotion and rank system (Li, Huang, Bao & Fan, 2011) provides a valuable opportunity to examine the growth of teacher knowledge as associated with teacher professional rank; not limiting it to teaching experience alone. Thus, in this study, we not only compared the characteristics of KAT between preservice and in-service teachers in order to detect the teaching experience's influence on KAT, but also investigated the background variables such as highest education degree, teaching experience, professional rank, and courses taking, as major factors influencing the development of teachers' knowledge for teaching. While a cross-sectional study of variables such as rank is not as definitive as a longitudinal study, it will provide evidence of relevant factors and relationships for future research. Specifically, this study is designed to answer the following research questions:
Focusing on Chinese secondary mathematics teachers
1. What are the similarities and differences of KAT between pre-service and inservice teachers?
2. What are the relationships between teachers' KAT and professional rank, years of teaching experience, and the number of courses taken?
A framework of this study
We compared the mean differences between pre-service and in-service teachers' KAT scores. In addition, we considered background variables including teaching experience, teacher professional rank, and courses taking, as major factors related to teachers' knowledge for teaching. We examined the correlations among different components of KAT, and the correlations between background variables and KAT scores. Moreover, we adopted multiple mean comparisons to examine the differences of in-service teacher KAT's between different cohorts in terms of their teaching experiences and professional rank.
METHOD

Measures
Based on an existing instrument for measuring mathematics teachers' KAT (Floden & McCrory, 2007) as the common component, two instruments were developed for in-service and pre-service teachers respectively. For in-service teachers, the instrument consisted of three parts: background information, 20 items translated from the original English KAT instrument (Floden & McCorry, 2007) , and two additional open-ended items. Background information included grades taught (1=middle school, 2= high school), gender (1=male, 2=female), highest education degree (1=diploma, 2=B.S., 3=M.A.), professional rank (1=primary, 2= intermediate, 3=senior and exceptional), years of teaching experience (1= less than 4 years, 2=from 5 to 9 years, 3=10 years and above), and the number of mathematics and mathematics education courses taken. With regard to the course taking, we provided a list of 22 courses based on an existing study , and also asked participants to add relevant courses if necessary (the value of this variable is the total number of the courses taken). The second part includes 20 items translated from the original English instrument of KAT (17 multiple-choice items and three open-ended items). The English instruments were translated into Chinese adopting a double translation procedure (i.e. two independent translations from the source language, with reconciliation by a third person) (OECD, 2006) . In addition, based on literature review and studies of Chinese mathematics curriculum, the authors included other two open-ended question items.
For pre-service teachers, the instrument consisted of 25 items. The first 20 items were the same as those that were in the second part of the instrument for in-service teachers' instruction, and five additional open-ended items were created (see Huang, 2014 for details). In addition, the questionnaire included background information (grade level: 1=Year 3, 2=Year 4), and the number of mathematics and mathematics courses taken list (the same as the list for in-service teachers).
The 20 items common part to both the two instruments included six items in school mathematics (SM), seven items in advanced mathematics (AM), and seven items in teaching mathematics (TM). The following are three example items: S is the set of real numbers. ii. S is the set of complex numbers. iii. S is the set of 2 × 2 matrices with real number entries.
A. i only B. ii only C. iii only D. i and ii only E. i, ii and iii (Answer is (D))
Open-ended item 18 (Teaching algebra). On a test a student marked both of the following as non-functions
, where R is the set of all the real numbers.
(ii) g(x)=x if x is a rational number, and g(x)= 0 if x is an irrational number.
(a) For each of (i) and (ii) above, decide whether the relation is a function; (b) If you think the student was wrong to mark (i) or (ii) as a non-function, decide what he or she might have been thinking that could cause the mistake(s). Write your answer in the Answer Booklet.
(Answer (i) and (ii) are function)
Participants and data collection
In-service teachers
The in-service teacher participants were from three groups: teachers enrolled in a summer mathematics education graduate course from East China; attendees of a middle school mathematics textbook training program sponsored by the textbook publisher in North China; and attendees of a high school mathematics textbook training program sponsored by an alternate publisher in South China. The survey was explained to the participants for a research purpose and conducted during part of a workshop (around 45 minutes). In total, we collected returned questionnaires from 398 in-service mathematics teachers in the summer of 2009 in China. We discarded 60 (15%) incomplete questionnaires since imputation or other missing data techniques would not be appropriate. Thus, we used 338 valid completed questionnaires. The average number of courses taken of in-service teachers is 14, ranging from 8 to 20. The background information is displayed in Table 1 . Table 1 showed that 45% of the participants were middle school teachers while the remainders (55%) were high school teachers. About 80% of the participants held a bachelor degree, 11% of them held a master degree, and another 7% had an associate degree for secondary school mathematics teachers. About half of the participants had an intermediate professional rank (48%), one third of them held a primary rank (35%), and another 15% of the in-service teachers had a senior rank. 82% of the participants had more than at least 5 years of teaching experience. 

Pre-service practicing teachers
The survey was explained to participants for a research purpose with nothing to do with their scores and conducted within a normal class period (around 45 minutes). We collected 376 copies of questionnaires from juniors and seniors from seven universities in the spring of 2010. These universities were purposely selected based on their university rank and varied geographic locations. The average number of courses taken by pre-service teachers was 12, ranging from 10 to 18. The demographic information is showed in Table 2 . teria were illustrated as follows: 0-Blank or providing useless statements;
1-Providing several useful statements without a chain of reasoning for the correct answers; 2-Giving a correct answer but the explanations or procedures with major conceptual mistakes; 3-Giving a correct answer and appropriate explanations or procedures, with some minor mistakes; and 4-Giving a correct answer with appropriate explanations and procedures. Furthermore, we specified a rubric for each item (a rubric for Item 18 can be found in Appendix A).
Two raters jointly coded 100 questionnaires (approximately 30 %) from in-service participants. After that, one rater who was a middle and high school mathematics teacher with more than 10 years' experience scored the entire remaining questionnaires. Then the researchers randomly selected 100 scored questionnaires to verify the ratings for inter-rater reliability. The percent of inter-rater agreements for the open-ended items (18 to 22) was greater than 89% for all items. The disagreements were resolved through discussion, and the rater made relevant corrections.
After quantifying the data set, we analyzed the data using different techniques to answer research questions. To address the first research question, we focused on the common items and examined differences using logistic regression for items 1-17 (due to the nature of score (0 or 1)) and t-test analysis for items 18-20. To answer the second question, we analyzed the complete in-service teacher data (22 items) using correlation analysis, regression analysis and multiple mean comparisons.
RESULTS
The results were presented into three sections according to the research questions. First, we reported the differences and similarities of KAT between pre-service and in-service teachers. Then we presented the results of the relationship between background variables and KAT.
Similarities and differences of KAT between in-service and pre-service teachers
The Cronbach's alpha for the KAT (First 20 items) was .64 for the whole sample (in-service and service teachers). The maximum sub-scores of School Mathematics (SM, 1, 3, 6, 14, 17, & 19) , Advanced Mathematics (AM, 4, 8, 9, 12, 13, 16, & 20) , and Teaching Mathematics (TM, 2, 5, 7, 10, 11, 15, &18) are 9, 10, and 10. The mean differences of items and subscales between in-service and pre-service teachers are reported in Table 3 . Table 3 showed mixed patterns of participants' KAT. For items 8, 18, & 20, the pre-service teachers performed statistically significantly higher than in-service teachers while for items 3, 4, 5, 7, 9, & 14, the pre-service teachers scored statistically significantly lower than in-service teachers. When looking at the contents of the items, we found that the pre-service teachers performed better in making judgment based on the graph of speed and time (item 8), making an inference based on matrix computation (item 20), and making judgment about a function relationship based on expressions (item 18). In-service teachers performed better in traditional algebra content areas such as evaluation of quadratic function (item 3), irrational function expression and its graph (item 4), irrational equations and solutions (Item 5, 9, & 14) , and finding the functions passing two given points (item 7).
There was no statistically significant difference between pre-service and in-service teachers in the following areas:
(1) Expressing quantitative relationships using algebra expressions (item 1); (2) Evaluating quadratic expressions and solving equations and inequalities (items 2 and 19); Looking at items with high scores (correct rate 85% and above for both pre-service and inservice teachers), we identified the following items 1, 2, 3, 5, 14, 16, 17, & 19 . These scores indicate that the participants performed well in the following areas: expressing quantitative relationships using algebra expressions (item 1), solving rational equations (item 2), evaluation of quadratic functions (item 3), solving irrational equations (items 5, 14), taking derivatives (item 16), computing composition function value (item 17), and solving quadratic inequalities (item 19).
Examining the items with low scores (correct rate 70% and below in both cohorts), we identified the following items: 6, 9, 12 (all below 60%), 11, 13, & 15. The worst performing areas included representing fraction/percentage of algebra formulae by using areas of rectangles (item 6), finding the number of roots of (item 9), judging proposition that "if ab = 0, then either a = 0 or b = 0" in different number systems (item 12), introducing slopes in multiple ways (item 11), mathematical induction method (item 13), and exploring polynomial expansion formulae in multiple ways (item 15).
2 tan x x  In summary, overall the participants performed better in traditional school algebra areas including use of algebraic expressions, solving equations and inequalities, and evaluation of a function or composition function, and taking derivatives of a polynomial function, while they revealed weaknesses in advanced mathematics, connections and multiple representations. Compared with pre-service teachers, the in-service teachers performed better in the areas of irrational function expressions and its graphs, irrational equations and solutions, and finding the functions passing two given points, but worse in some AM and modern concepts of function.
There was no significant mean difference in TM between pre-service and in-service teachers. However, the in-service teachers performed better than pre-service teachers in SM (mean difference [MD] = 0.20, namely, 2%, p < .05), but performed statistically significant worse than pre-service teachers in AM (MD = -0.82, namely, 8%, p < .01). Overall, the pre-service teachers performed significantly better than in-service teachers (MD = 0.61, namely, 6%, p < .01).
Correlations between background variables and subscales of KAT for in-service tea chers
The correlations between background variables such as professional rank, teaching experience, number of course taken, and three components of KAT are displayed in Table 4 . Table 4 showed that there was a significant correlation between professional rank and teaching experience (r = .589, p < 0.01), but number of courses taken was negatively correlated with professional rank (r = -.135, p<. 05) and teaching experience (r = -.128, p < .05). Teaching experience was negatively correlated with AM (r = -.111, p < .05). Number of courses taken was positively correlated with SM (r= .435, p <.01) and AM (r = .171, p < .01). In addition, SM was significantly correlated with AM (r =. 435, p <. 01) and TM (r = .163, p<. 01). However, AM was not significantly correlated with TM. 여기까지 Using SM, AM and TM as dependent variables and teaching experience (T), professional rank (P) and courses taken (C) as independent variables, a regression analysis showed the following results: .017, F (3, 333) = 1.926, p = .12) Although there was a significant correlation between professional rank and teaching experience, it is not clear whether professional rank and teaching experience impact KAT interactively. No significant correlations between professional rank, teaching experience and each of school mathematics and teaching mathematics have been detected. Yet, it is not clear whether there are certain patterns between KAT and each of teaching experience and professional rank. Then multiple mean comparisons are further used to examine these questions.
The differences in subscales for professional rank and teaching experience
No interaction effect of teaching professional rank and teaching experience on any subscale of KAT was significant. Thus, we compared the main effect of mean differences of each subscale for different cohorts by teaching experiences and professional rank. The mean differences of each components of KAT are shown in Table 5 . There was no statistically significant difference between different professional ranks on the three subscales. The differences across levels of teaching experience were also not statistically significant for any subscale. However, it was found that AM decreased as teaching experience increased and as professional rank advanced. When comparing subscales of the KAT, it was found that teachers with senior rank (rank 3) performed better than those with primary rank (rank 1) in SM (Mean difference (MD) =0.56) and TM (MD = 0.21). Moreover, it was found that SM increased from experience 1 (less than 5 years) to experience 2 (between 5 to 10 years) (Mean difference (MD) = 0.25) while it decreased slightly from experience 2 to experience 3 (10 years and above). AM decreased as teaching experience increased. In addition, TM increased steadily with the increase of teaching experiences. These are not statistically significant but point to possible further investigations.
CONCLUSION AND DISCUSSION
Discussion
The participants performed better overall in traditional school mathematics areas while they revealed weaknesses in advanced mathematics (AM), and multiple representations. The inservice teachers performed better than the pre-service teachers in school mathematics (SM), but performed statistically significantly worse than the pre-service teachers in advanced mathematics. In addition, the teachers with senior ranks or much more experience took fewer courses in mathematics and mathematics education. However, taking more courses was positively correlated with school mathematics and advanced mathematics. The negative correlations between advanced mathematics and each of teaching experience and professional rank were confirmed by multiple mean comparisons. Both correlation analysis and multiple mean comparisons consistently showed those teachers with senior rank (rank C) or more experience (experience 3) performed better than those with primary rank (rank A) or less experience (experience 1) in school mathematics and teaching mathematics (TM). However, teaching experience and professional rank can only explain very small part of variance of school mathematics and advanced mathematics (around 4%). Regarding the correlations among the three components of KAT, it was found that school mathematics is significantly correlated with advanced mathematics and teaching mathematics. But advanced mathematics is not significantly correlated with teaching mathematics.
The finding that the number of mathematics and mathematics education courses taken was found to have a significant correlation with school mathematics and advanced mathematics, but not with teaching mathematics may imply that the Chinese secondary teacher preparation program emphasizes study in school mathematics and advanced mathematics, rather than pedagogical knowledge, which was supported by other studies .
Teaching experience has mixed effects on teachers' KAT. As shown in this study, advanced mathematics decreased as teaching experience increased but teaching mathematics increased with the increase of teaching experience. School mathematics also increased as teachers become more experienced. In China, there is a systematic in-service teacher professional development system, which focuses on studying textbooks extensively and observing and developing public lessons regularly (Ma, 1999; Li & Huang, 2013) . Thus, teacher professional development activities may help teachers develop a better understanding of school mathematics and teaching skills. The professional rank system is perceived as a powerful mechanism for facilitating inservice teacher professional development in China (Huang et al., 2010) . It is a problem that teachers with a higher rank demonstrated weaker knowledge in advanced mathematics although teachers with a higher rank had stronger knowledge than those with a primary rank in school mathematics and teaching mathematics. Programs for a master's degree in education, which were designed for in-service teachers (11% of the in-service participants held a master's degree) mainly focused on pedagogical content knowledge (PCK), and educational research knowledge, with little attention to advanced mathematics knowledge. In addition, as defined by professional promotion criteria, teachers' promotion mainly reflects their teaching performance, teaching skills and teaching research ability (particularly for intermediate and senior ranks). Thus, advance in rank does not necessarily associate with retention of advanced mathematics. In contrast, with the increase of rank (also the increase of teaching experience), the knowledge of high-ranking teachers in advanced knowledge may decrease. This study suggests that for senior teachers (in terms of experience or rank), it can be beneficial to refresh and advance their advanced mathematics knowledge.
The finding that pre-service teachers outperformed their in-service counterparts in KAT (except school mathematics) is a question that calls for further investigations. One possible explanation may be the differences of environment where the surveys were conducted. The preservice teachers took the survey in a normal class (45 minutes) while the in-service teachers did the survey in a workshop as part of summer training program. Environment of the inservice teachers may have a negative effect on their attitudes and performance. It may be also possible that that the pre-service teachers may develop content-based knowledge structure through systematic preparation, while in-service teachers, particularly senior teachers, have developed a more complex, case-based knowledge structure through learning in and from practice (Berliner, 2001; Borko & Livingston, 1989) . Thus, an instrument such as KAT may not be able to appropriately measure the expert teachers' knowledge and skills. This raises a challenging issue of measuring expert teachers' competence (Berliner, 2005; National Research Council [NRC], 2008) .
Limitation and further studies
Although this study produced some interesting findings, the limitation of sampling should be noted. This was a convenience sample and the cohorts of different groups were not controlled. Thus any generalization of these findings should be made cautiously. In addition, the somewhat low consistent reliability (.64) of the instrument may also impact the results of this study; limiting the magnitude of estimation of effects.
In addition to the conclusion made, more questions have been raised for further study. Theoretically, although some instruments have been developed for measuring teachers' knowledge for teaching Floden & McCrory, 2007; McCrory et al., 2012) , it may be problematic to apply them to measure experts' knowledge due to the complexity of experts' knowledge structure (Berliner, 2001; Li & Kaiser, 2011) . Practically, developing reliable teacher credential systems is a crucial task in teacher education around the world, but it is very complex and difficult (Berliner, 2005) . This study reveals that even within a well-established teacher promotion system like China, it is still difficult to prove or disprove the effectiveness of the system with regard to teachers' knowledge for teaching. This study suggests that the Chinese secondary mathematics preparation programs emphasize studies of school mathematics and advanced mathematics. Thus how to develop students' pedagogical content knowledge is an issue that needs to be addressed. Moreover, how to overcome the loss of advanced mathematics knowledge as experience or professional rank increase is still a problem that needs to be solved. In conclusion, more studies need to be done to explore the strengths and weaknesses of existing teacher promotion systems, and much more scientific criteria and measurement methods for teacher quality control need to be developed
